Genetic diversity of 299 inbred indica rice varieties, including 33 introduced varieties, applied in Guangdong Province of China were assessed using 20 ILP (intron length polymorphism) and 34 SSR (simple sequence repeat) markers. Totally, 154 loci were screened for the 299 varieties, with the average number of alleles (Na), rare alleles (Nr), and polymorphism information content (PIC) scored at 3.4, 0.7 and 0.32, respectively. The Nei's genetic distance (GD) was estimated ranging from 0 to 0.7529 with an average of 0.4797. There was no significant difference of Na, Nr, PIC or GDs between the introduced and local varieties. Neighbor-joining (NJ) analysis showed that the 299 varieties failed into three main distinct groups, and the 33 introduced varieties were distributed over all the groups or subgroups. Model-based cluster analysis demonstrated that only 73 (24.4%) of the 299 varieties and 7 (21.2%) of the 33 introduced varieties could be distinctly classified into the three groups. Analysis of molecular variance showed that within the groups divided by NJ analysis, the genetic variations revealed by ILP, SSR and these two combined were 7.7%, 5.6% and 6.6%, and within the groups divided by region (Guangdong local and the introduced varieties), the genetic variables were 2.1%, 4.6%, 5.4%, respectively. These results suggested that the genetic diversity of the 299 inbred rice varieties in Guangdong Province was low, simultaneously relationship among varieties was poor and close in all kind of groups. Hence, it is very necessary to extend the genetic diversity during the breeding and selection practical procedure.
Rice (Oryza sativa L.) is an important self-pollinat cereal crop, and rice heterosis has been successfully exploited on a large scale in China since 1976. The selection of parental lines plays a vital role in developing ideal hybrid combinations. Therefore, it is essential to study the genetic relationship and genetic diversity among parental lines of hybrid rice. In fact, plant breeders often select parental lines in combinations with morphological trait and pedigree information . Nevertheless, this breeding method is less effective and accurate due to environmental effect. Molecular markers have been widely used to study the genetic variation and diversity of breeding materials, which are less influenced by temporal, spatial and environmental conditions Agrama and Eizenga, 2008; Kiula et al, 2008; Agrama et al, 2009 ). Classifying lines into groups by genetic information and performing the hybrid combinations selectively provide a better way with the most promising results, but were little cost and time required (Corbellini et al, 2002) .
Currently, several molecular marker techniques are available in serving various purposes in different crops. In rice, restrict fragment length polymorphism (RFLP) (Patzak, 2001) , amplified fragment length polymorphism (AFLP) (Bao et al, 2006; Chakanda et al, 2013) , random amplified polymorphic DNA (RAPD) (Rabbani et al, 2008) and simple sequence repeat (SSR) (Ravi et al, 2003; Sharma et al, 2008; Zhao et al, 2009; Upadhyay et al, 2012) as well as single nucleotide polymorphism (SNP) (Qi et al, 2006; Jeong et al, 2013; Sun et al, 2013) and so forth, are widely used for evaluation of genetic diversity. It is found that different marker systems are suited for studying genetic diversity in different contexts (Tam et al, 2005) , and mostly, just one type of molecular marker was used in a certain research, but when it comes to use more than two types of markers, discrepant results have been found. Ravi et al (2003) found the clusters based on RAPD and SSR markers were not conserved. Updahyay et al (2007) obtained different dendrograms while analyzing grape varieties using AFLP and SSR markers. Poor correlation among genetics similarity matrices based on different markers was also found as low as at r = 0.26 between AFLP and SSR (Naghavi et al, 2007) and r = 0.09 between ISSR and RAPD (Budak et al, 2004) . In the present research (Garcia et al, 2004) , RAPD, RFLP, AFLP and SSR markers were used for diversity study of tropical maize inbred lines, indicating that AFLP seems to be the best-suited molecular assay for fingerprinting and assessing genetic relationships among tropical maize inbred lines with high accuracy. de Souza et al (2008) found that RAPD was effective to validate pedigree data while SSR was effective to recognize the differences between the quantitative characters in maize inbred lines. However, strong correlation were also reported by many researchers (Patzak, 2001; Belaj et al, 2003; Garcia et al, 2004; Scariot et al, 2007) . In our previous research, intron length polymorphism (ILP) and SSR markers were used for the genetic diversity of 36 rice varieties, showing that the correlation between genetic distance matrix based on two types of markers was significantly strong, and the clusters revealed by the ILP and SSR markers were identical (Huang et al, 2010) .
It is clear that the genetic diversity applied in breeding is much less than that in the global germplasm collections. Reduced diversity is another potential problem for long-term crop improvement and a concern with regard to genetic vulnerability . In China, rice growing areas were divided into six rice ecological zones (REZs) based on the altitude, temperature, rainfall, sunlight and soil. Qi et al (2006) found that among the six REZs, genetic diversity of REZII is at the highest level, and those of REZV and REZVI are at the lowest level. Guangdong Province, located in Southern China, is among REZIII with the mean level of genetic diversity. Recently, inbred rice varieties account half of the total rice growing area in Guangdong. Nevertheless, the whole output as well as yield per unit had decreased from 2004 to 2008 (Chao et al, 2010) , and there was no enhancement in the very recent years (Wan et al, 2010 (Wan et al, , 2011a (Wan et al, , b, 2012 . As we know, indica inbred varieties in Guangdong are famous for their high grain quality and resistance to diseases. Thus, in order to enhance the yield output and maintain these characteristics mentioned above, it is necessary to fully understand the genetic diversity and structure of the inbred lines and also construct a core collection for the further breeding in an efficiency way.
The objectives of the study were to: 1) evaluate the genetic diversity among 299 inbred varieties using ILP and SSR markers; 2) investigate their genetic structure for the better understanding and utilization of these varieties with different genetic background; and 3) provide reference to the rice breeding, germplasm collection, management and establishment of core collection of rice cultivars in Guangdong Province of China.
MATERIALS AND METHODS

Rice materials
Two hundred and ninety-nine indica inbred rice varieties were chosen to represent a wide diversity (Supplemental Table 1 ). These materials were supplied by National Engineering Research Center of Plant Space Breeding in China, of which 266 were local varieties in Guangdong Province and 33 were introduced from outside of Guangdong.
Genomic DNA extraction and molecular marker selection
Leaf samples were collected after transplanting. DNA was extracted following the CTAB procedure as described by Murray and Thompson (1980) with modification. Totally 617 pairs of primers were used to detect 12 varieties (include 9 local lines and 3 introduced lines), and 34 SSR and 20 ILP primers were chosen according to clear polymorphic bands and chromosome location. The primers were synthesized by Beijing Sunbiotech Co., Ltd. PCR was performed in a 12 L reaction mixture containing 50 ng template DNA, 0.5 μmol/L of each primer, 200 μmol/L of each dNTP, 1.5 mmol/L MgCl 2 , 0.1% Triton X-100 and 1 U Taq polymerase and 1.2 μL of 10 PCR reaction buffer. The PCR procedure was: 5 min initial denaturation at 94 °C; 35 cycles of 30 s denaturation at 94 °C, 30 s anneal at 55 °C and 1 min extension at 72 °C; and 5 min final extension at 72 °C. The amplified products were electrophoresed in 1.1% agarose gel (products size > 300 bp) or in 8% polyacrylamide gel (products size 300 bp).
Data analysis
Banding profiles generated by all markers were compiled into a data binary matrix based on the presence (1) or absence (0) of the selected band. Only the clear and unambiguous bands were scored. Expected heterozygosity (He) for each marker was calculated based on the formula He = 1 -pi 2 , where pi is the allele frequency for the i-th allele (Nei, 1973) . Pair similarity coefficients were calculated for all pairwise combinations of the 299 accessions according to the method developed by Nei and Li (1979) :
where S ij is the similarity between the genotype i and j; N ij is the number of bands in both i and j, N i and N j are the number of bands presented only in i or j, respectively. Genetic distance (GD) was calculated as GD = 1 -S ij (Zhang et al, 2007) . The number of alleles per marker (Na), rare alleles (Nr), effective alleles (Ne), polymorphism information content (PIC), and neighbor-joining analysis based on similarity matrix were done by the PowerMarker software (Liu and Muse, 2005) . The pearson correlation coefficient was calculated using GenAlEx 6.3 to estimate how accurate dendrograms represent the genetic similarity among the genotypes (Peakall and Smouse, 2006 ); Mantel's test (Mantel, 1967) was performed to test the correlation coefficient among genetic matrices based on ILPs, SSRs and the combined markers (both ILP and SSR), and the analysis of molecular variance (AMOVA) was carried out to estimate molecular diversity at each hierarchical level among and within groups for each marker system, and the significance of PhiPT value was tested with 9999 permutations.
Model-based cluster analysis was performed by the software Structure 2.3.1 (Pritchard et al, 2000; Falush et al, 2007) , which is designed to identify the population structure by a set of allele frequencies at each locus and assign individuals to populations. The number of resumed populations (K) was set from 1 to 13 with the 100 000 length of burnin period, 100 000 MCMC (Markov Chain Monte Carlo) repeats after burnin and a model allowing for admixture and correlated frequencies. Five independent runs were implemented. LnP(D) is the log likelihood of the observed genotype distribution in K cluster and can be output by Structure simulation. To determine the K value, the LnP(D) value and Evanno's delta K ( K) were estimated according to Evanno et al (2005) . The optimum value of K was then determined at the peak of K. When the LnP(D) appeared a sharply increase or decrease, the individual genotypes into K groups was assigned. Within a group, genotypes with affiliation probabilities (inferred ancestry) 0.80 were assigned to a distinct group, and those with < 0.80 were treated as 'admixture' (He et al, 2012) , i.e. these genotypes seem to have a mixed ancestry from parents belonging to different gene pools or geographical origins.
RESULTS
Molecular marker variation
For ILP markers, a total number of 42 alleles with an average of 2.2 alleles per locus were identified in the (Table 1) . Most of the ILP markers (accounting for 90%) only had two alleles except that RI00301 had 3 alleles and RI03123 had 4. The Nr per locus ranged from 0 to 2 (RI03123) with an average of 0.7. The PIC was calculated ranging from 0.01 to 0.50 with an average of 0.22. For SSR markers, a total of 111 alleles were revealed. As shown in Table 1 , the average values of PIC and Na of SSR markers were 0.38 and 3.3, respectively, which were slightly higher than those of ILP markers, while the average Nr value was detected to be at the same level. The Na, Ne and He values for the 33 introduced and 266 local varieties, respectively, were also estimated given in Table 2 . It showed that there were not too many differences between the introduced and local varieties.
indica rice varieties
Classification based on genetic distance
Analyses of genetic distance and population structure provide evidence for significant population structure in rice. The GDs based on ILP markers (GD ILP ) ranged from 0 to 0.5787, averaging at 0.2124, and GDs based on SSR markers (GD SSR ) varied from 0 to 0.7647 with an average of 0.3335. The GDs based on the combined markers (ILP + SSR, GD COM ) ranged from 0 to 0.7529 and averaged at 0.4797. The lowest GD value (0) was found between the varieties v295 and v297, which are the sib-sister lines from the same family. The pearson correlations among GD ILP , GD SSR and GD COM revealed a strong correlation of GD COM with GD ILP (0.6031, P < 0.001) and GD COM with GD SSR (0.9309, P < 0.001). Thus, GDs based on the combined markers were used for neighbor-joining analysis. The 299 varieties were divided into three main distinct groups (Fig. 1) . Group I consisted of 15 varieties including two introduced. Group II and III were consisted of four and five subgroups respectively. The 33 introduced varieties were distributed across all the groups or subgroups.
Classification based on model
In order to reveal the ancestry gene frequencies in the populations and the ancestry proportion of each individual, model-based cluster analysis was performed in Structure by the comnined markers. The mean values of LnP(D) for each K from 1 to 13 increased accordingly with an obvious increase at K = 3 (Fig. 2) , while the Evanno's K also had a sharp peak at the same K value. These statistical parameters demonstrated that the 299 varieties can be divided into three groups (Fig. 3) . This clustering was consistent with the NJ clustering mentioned above. Nevertheless, the individuals in each group was different, for the 299 varieties, 80, 125 and 94 were clustered into group I , II and III , respectively (Fig. 3) ; for the 33 introduced, 6, 5 and 22 were clustered into the groups I , II and III , respectively. Using K = 3, based on the membership probability threshold of 0.80, only 73 (24.41%) of the 299 varieties and 7 (21.21%) of the 33 introduced varieties can be distinctly classified into the three groups and the rest of the varieties were defined as admixtures sharing ancestries greatly with other groups.
Analysis of molecular variance
To further investigate the genetic variances among and within groups, the analysis of molecular variance was performed ( Table 3 ). The percentages of variation among groups (regions) were very low with 7.7% (2.1%), 5.6% (4.6%) and 6.6% (5.4%) revealed by ILP, SSR and the combined markers, respectively, at the significant level of 0.001, which indicated that the genetic background attributable to the regions or clustering-groups contributed to genetic diversity slightly.
DISCUSSION
Guangdong Province, where the inbred rice varieties have the characteristics of high grain quality, high yielding potential and good resistance to disease, is one of the main rice producers in China, especially for double cropping rice culture. From 2008 to 2012, there was a slight increase (0.44%) in the yield output due to the extension of rice growing area, but the average yield per unit area was decreasing (Wan et al, 2013; Zeng et al, 2014) . There may be lots of complicated aspects causing the above phenomenon. For the view of genetic background of the inbred varieties, the poor level of genetic diversity may be one of the factors. A clear understanding of genetic diversity and genetic relationships among varieties is essential for the effective conservation and utilization of rice genetic germplasm resources, which is an important component in the development of improved rice varieties (Xu et al, 2012) . For the assessment of genetic diversity, molecular markers have been generally superior to morphological, pedigree, heterosis and biochemical data. Genetic diversity is commonly measured by genetic distance or genetic similarity, both of which imply that there are either differences or similarities at the genetic level. Molecular marker based genetic diversity analysis (MMGDA) has potential for assessing changes in genetic diversity over time and space, and studies on MMGDA are also enormous and reflect potential applications in rice (Xu et al, 2002; Zhang et al, 2011; Singh et al, 2013; Wang et al, 2013) . According to our research, the genetic diversity information revealed by molecular markers for the inbred varieties in Guangdong was low (Table 1) . There are similar reports. Yuan et al (2007) found that the varieties applied in 1950s had more alleles and higher genetic diversity levels than those in the recent ten years, and even some alleles had been lost in current major rice varieties as compared with those in 1950s. Xu et al (2012) found that the genetic diversity of 408 varieties developed in the last decade was at a low level. It was also reported that the genetic diversity of varieties declined from 1950s to 1980s and then increased, while the genetic diversity of varieties in Guangdong was at an average level (Qi et al, 2006) . In present research, however, the molecular information either revealed by ILPs or SSRs indicated the poor genetic diversity of the 299 varieties tested, which was lower than that of the Chinese major rice varieties applied in 1950s and in 1995 to 2004 revealed by SSR markers according to Yuan et al (2007) , and lower than that of varieties in recent fifty years (Qi et al, 2006) .
To understand why the genetic diversity level was low and also to evaluate the genetic structure of the 299 varieties studied in this research, the model-based structure and AMOVA was implemented. According to the structure analysis, most of the varieties shared the common ancestries with other groups, including the introduced varieties; with only 24.4% of all could be clustered to distinct groups. The results of AMOVA revealed that the genetic variances among groups contributed slightly to the genetic diversity (less than 10%, Table 3 ). This was not discrepant because the shared ancestry percentage with a single group estimated by Structure was also low.
Cultivated rice varieties are the result of several thousands of years of human selection from the available genetic diversity in various natural environments and human cultures. Modern breeding in the last century mainly focused on the process of hybridization and selection in a more efficient way (Ravi et al, 2003) , which results in the loss of alleles through the select process leading to the lower heterozygosity and narrower genetic diversity of the cultivated rice (Sun et al, 2001) . And it was reported that the genetic diversity was highly related to its geographic origin. The varieties from regions with similar latitude and geography position were usually containing lower diversity than those from regions of different latitudes' and far geography positions (Shu et al, 2009; Zhang et al, 2012 Zhang et al, , 2013 .
CONCLUSIONS
The genetic diversity of the 299 inbred indica rice varieties applied in Guangdong Province was low. The genetic structure analysis showed that only 24.4% of the varieties can be distinctly classified into groups, and the remaining varieties were defined as admixtures sharing ancestries with other groups, while the percentage of genetic variances among groups both revealed by molecular markers and by its regions (the introduced and the local) was scored at less than 10%, indicating that the genetic background attributable to the regions and clustering-groups contributing to genetic diversity are very slightl. It is very necessary to extend the genetic diversity during the practical breeding and selection.
